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or at a loss for an expedient b y which an obstacle could be 
overcome. Cheerful and self-reliant under the most depress
ing circumstances, he !lever gave up hope, and thus it was 
that these somewhat intricate and difficult investigations 
were brought to a successful elose. 

Again, in the department of analytical chemistry how 
numerous and valuable have been bis contributions! There 
is scarcely one important problem in this subject which bas 
not benefited from his extensive experience and keen 
insight. Bunsen's methods of silicate analysis, of mineral 
water anaI,ysis, and a dozen of other complicated laboratory 
processes, are simply perfect. Then his original method for 
the estimation of nitrogen in organic bodies will always be 
remembered as One of the most accurate of its kind when 
employed by an experimentalist as expert as Bunsen him
self, but as most difficult and even dangerous in less able 
hands. Again, a11 chemists use and appreciate the much 
simpler methods for the estimation of nitrogen and sulphur 
admirably wOl'ked out by his pupils-Maxwell Simpson and 
Russe11. 

We all employ his beautiful general method of volumetric 
analysis, but chemists do not always remember that in this 
research Bunsen first determined the exact percentage com
position of the higher oxide of cerium, a determination of 
the greatest scientific importance as regards the chemistry 
of the metals of the rare earths. Moreover they may be apt 
to forget tbat Bunsen was the first to introduce a general 
method of the separation of these rare earths, by which he 
for the first time prepared pure yttria and erbia, and by 
which subsequently, in the hands of other chemists, many 
new metals have been discovered. His well-known method 
of flame-reactions i8 a standard example worked out by 
every student. Again, m odem chemists can now scarcely 
carry on the simplest expellment without using the "Bunsen 
gas-lamp," a burner which is also now employed in every 
household, and in many manufactories, and has become so 
necessary that it is difficult to concei ve how we worked be
fore its invention. To him we are also indebted for the 
apparatus for accelerating filtration, the "Bunsen-pump," 
together with all its appliances, noW employed in every 
laboratory. * 

Of all the contributions to the advancement of our 
science, that by which the name of Bunsen has, however, 
become best known, and by virtue of which future genera
tions will place hirn on the highest pinnaele of experimental 
fame, is the foundation, witil his no less celebrated colleague 
Kirchhoff, of the science of spectrum analysis, and the dis
covery by its meaus of the two new alkali metfds, cmsium 
aud rubidium. It is true, of course, that many facts were 
ascertained and many observations made relating to the 
power possessed by matter in the state of incandescent gas 
emitting rays of a peculiar and characteristic kind. Few 
great discoveries are made at one step. But the glory of 
having established a new branch (lf science, of having 
placcd "analysis by spectrum observations" on a sound 
and firm experimental basis, belongs to the Heidelberg 
philosophers, and to them alone. 

The history of the establh;hment of spectrum analysis, as 
that of its enormous recent developments, is too weil known 
to the readers of Nature to require repetition. All that is 
necessary here is to recall the masterly way in which Bunsen 
worked out the properties and showed the relationships of 
the new metals and their compounds. He first saw the 
cresium lines in a few milligrammes of the alkaline residue 
obtained in an analysis of the Diirkheim mineral waters, and 
the discovery of a second new metal (rubidium) soon 
followed that of the first. So certain was he of the truth of 
his spectroscopic test that he at once set to work to 
evaporate forty tons (44,000 kilos) of the water, and with 
16'5 gramm es of the mixed chlorides of the two new metai,; 
whicb he thus obtained, he separated the one metal from 
the other (no easy task) and worked out completely their 
chemical relationship and analogies, so much so that the 
labors of subsequent experim�nts have done little more than 
confirm and ex te nd his observations; such a result is truly a 
marvel of manipulative skill ! 

Another less widely known, but no less interesting aud 
important research, is that on the spark-spectra of the 
metaJs contained in cerite and other rare minerals. In this 
he shows his power both as physicist and chemist. He first 
describes a new chromic-acid battery suited to the per
formance of the special experiments whieh he afterwards 
details. He determines witil great ca re a11 the physical con
stants of this LJattery. and then proceeds to investigate the 
spectra of the earths which give no color to the non-lumi
nous flame. The spark-spectra of these earths he carefulil 
maps, 80 completely, indeed, that the separation and identl
fication of these met als now for the fir8t time became 
possible. 

The many hundreds of pupils who, during the last half
century, have been benefited by personal contact with Bunsen, 
will a1l agree that as a teacher he ia without an equal. Those 
who enjoy his private friendship regard hirn with still 
warmer feelings of affectionate reverence. All feel that to 
have known Bunsen is to have known one of the truest and 
noblest-hearted of men. 

H. E. ROSCOE. 

JEAN LOUIS BAUDELOT. 
JEAN LOUIS BAUDELOT was born ät Vendreese (Depart· 

ment ofArdennes), France, on tbe 19th of March, 1797. 
His father, il:well educated man for tbat time, was a director 
of blast furuaces aud very expert in his profession. . In the 
year 1806 the family rem oved to Harancourt, where M. 
Baudelot had been called to �uperintend the blast furnaces 
of M. Fort. From tbe age of eleven years the boy was 
associated in the work of his father, and it was his particular 
duty to remain in charge of tbe furnaces during the !ligbt: 
The long watches were passed iu instructing hirnself by 
reading valuable books taken from his father's library. His 
only illumination was the li�ht from the tuyeres. At. so 
young an age his desfre to 

. 
lUvestigate and bis astonishing 

sagacity had already bee.n· observed. . It was. suffici�mt for 
his father to mentiou in his presence some, difficulty which 
he had encountered, when immediately. his active imagina, 
tion would set to wotk, and � rarely wQuld thll' prohlem be 
incorrectly solved .. ·Wben he was nineteen, wuile: working 
in a distillery wbicb his fatber bad establishem; he devised 
an apparatus whicb carrtes the steam directly from the gene
rator in the midst of the materials which were being 'distil
led in the caldron. By.tbis means a1l danger of explosions, 
which up tlilthat tiine bad. been offrequent occurrence; 
were removed, and a very great economy of fuel resulted 
from the employment of his invention. This was, for that 
time, an immeme stride forward in that industry, and jt 

* MI' Sprengel has rrotested against this asslgnment of his invention) t�e 
weil known Sprenge pump, stating that Prof. BW1Ben hlmself has IWlY' 
credlted it to him, Mr. Sprengel. . 

was not till some years later that it was successfully im
proved by others. In 1834 he secured a patent on a process 
for the saving and utilizing the escaping gases which passed 
into the air from the throat of the hlast furnace. His 
method is now employed at a11 of the blast furnaces on the 
globe-in India as weil as in America and Europe. " This, 
according to the most competent men, is, next to the 
steam engine, the most beautiful and useful invention of 
this century." The economy resulting from Its employment 
can only he estimated by millions. Numerous other inven
tions of meta11urgical importance were devised by Baudelot. 
In February, 1856, he obtained a patent for a tubular cooler, 
which. with the aid of his son, he had invented for the pur
pose of cooling beers and the sweet juices made in breweries 
and distilleries. This invention has completely changed 
these industries, and its use very soon spread over all parts 
of the world. He obtained, in 1862, a patent for tbe inven
tion of a machine to be used in washing barrels. It works 
automatically, by means of a crank. 1'·his invention has 

. also been successfully introduced in the industries just re
fened to. 

About the same time he invented the metallic false bot
toms which are cast in sections and placed in the mashtuns 
of breweries and distilleries. This soon superseded the 
wooden ones, which give rise to mouldiness and putrid 
fermentations, so objectionable in their effects to brewers. 
Sueh is a brief summary of the life-work of an individual 
who continually sought the welfare of his fellow beiugs by 
improving the methods which were employed in the various 
tndustries. All of his discoveries are remarkable for their 
extrell)e simplicity. It is not our province to comment on 
his private life, and we content oursel ves with the simple 
observations that he was considered the type of a virtuous 
man; a deep sense (lf duty was ever his guide. Full of 
years he died on the 9th of January, 1881, cauRin.g' an irre
parable void and mourned by his descendants of three gen
erations in addition to the world at large. 

TESTING EXPLODED BOILER PLATES. 
TUIS subject seems to me, when comidered with reference 

to arriving at the trnth by those who are witbout prejudice, 
and have no opinions 01' theories to sustain and no self-inter
ests involved, to be of sufficient importauce to warrant me 
in suggesting a few more thoughts on the subject of a 
proper method of investigating boiler accidents. While I 
am as far as possible from a desire to disparage tllOrough 
and exhaustive tests of the materials of which any exploded 
boiler is composed, however trivial the loss or damage re
sulting from the explosion may be, and believe in uure· 
stricted criticism of objectionable forms and workmanship, 
still I think that the methods usually employed in the inves
tigation, and the expressions llsed by experts in explaining 
the causes of the explosion, are but IJartially under8tood hy 
the average boiler owner. I believe that persons who gen .. 
erally undertake these investigations and explanations, how
ever honest they may be in their convictions and intentions, 
are sometimes unconsciously led into errors from lack of 
experience, not as practical mechanics 01' men of good com
mon sense, but as investigators of Ibis peculiar elass of acci
deuts, or ffom an honest belief that they po,sess the panacea 
for all boiler maladies in the shape of some p!\tent device 
for effecting both safety and economy in the use of the steam 
generator. It is too often the case tbat thnse who are called 
on by coroners to give opinions have. some standard theory 
which they conceive must apply to an cases, since they may 
never have seen a well-defined exception. Their opinions 
are made up from their own very limited observation of 
destructive explosions, together with what tbey may have 
gleaned of unreliable details of a goodly nnmber that have 
been published in tbe local papers, or from the evidence of 
astonished eye-witnesses who happen to be within seeing 
distance, and who are mostly not the elass of persons whose 
statements should be relied on, more especially if those state
ments tend to ob litera te the true and accepted connection 
between cause and effect. When we accept such statements 
as the truth, nothing is more natural than to set about 
inventing a theory by which to account for the astonishing 
results. The only really reliable witnesses are the mute 
fragments at the scene or in the vicinity of the acciden t; 
and I believe i f  they are questioned aright w e  maybe sure 
of a relia ble and satisfactory an swer. Let us consider a case 
that is neither rare nor exceptional. but is, with but slight 
variations in detail, of rather common occurrence. 

We have, for instance, an exploded horizontal tubular 
boiler-a type of boiler weIl known to tbe readers of the 
SCIENTIFIC AMERICAN, and, in fact, known to most steam
users in this country. We find a girdle of the shell, com-

prising the se co nd and part of the third ring of sheets from 
the front, torn off and flattened out, which has been thrown 
considerable distance, and the w hole cluster of tubes sepa 
rated from the front bead, which was nearest to the openillg 
and which is thrown a less distance .  The tubes all remain 
attached to the back head, as weIl as the remamder of the 
shea; these are found nearly In the line of their projected 
normal axis at a much greater distance from ItS original slte 
than any of tlte other parts. On examination we are unable 
to detect any general weakness in the fastening of the tubes 
to the front head, from which they have a11 parted, beyond 
what appears in the fastenings of the tube to the back Ilead, 
to wh ich they all remain attached. Some of the tu:,es
tlJo,e in the outer part of the cluster-are be nt outward to 
regular curves like staves at the bulge of a cask, tbe summlt 
of the curves being nearlv opposite the middle of the open
ing in the shell; in additfon to this regular curve, some of 
them are bent at a sharp angle opposite to the torn edge of 
the shell, to which they still remain attached by means of 
the back head . 

We have previously settled beyond any reasonable doubt 
that there was neither low water nor excessive pressure in 
this case; the former by the absence of burned plates or 
tubes and by the presence of a good fusible plug in the rear 
head, and the latter by the weH established fact of the 
proper condition and ample capacity of tbe safety valve, 
together with the testimony of all the surviving workmen 
and the neighbors that the mill was at full work at the mo
ment of the accident, while we know that this work called 
for nearly the fu 11 capacity of the boiler, so tbat an accumu
lation of pressure while running would seem to be out of tbe 
9..uestion. The questionH that now seem pertinent are: (al 
Were the operations that produced these phenomena exactly 
simultaneous? (b) Must not some one of them have preceded 
the others, as the breaking of the cap precedes the discharge 
of the gun? (c) Did the bead part from the tubes before 
the shell sheets were torn off, and, if so, would the tubes, 
then free at one end, have been bent as we find them, or 
could the force remaining within the shell, now freely open 
by the loss of the front head. hav!' been sufficient to burst 
the sllell and flatten out the girdle? (d) If the shell burst 
first, could the other operations follow, and all within the 
fraction of a second of time, and would they naturally fol· 
low? 

The testing machine does not seem to answer these ques
tions, though it has done its full duty i!l showing us that the 
strips cut from the broken as weIl as the unbroken plates 
had a fair tensile strength, and other such desirable quali· 
ties as may be expected to exist in iron that has been sub
jected to varying strains and temperatures for years.; fur
thermore, it has the usual thickness found in cylinders of 
this size, and it would, if sound throughout. have borne a 
press ure at least three times as great as we have good rea· 
son for believing it endured at the moment that it gave way. 
We seem, then, to be in the presence of a dilemma with a 
single pair of borns, on one of which is inscribed MYSTERI 
ous AGENCY, which caused the simultaneous breaking of the 
boiler on all these lines, and on the other UNDISCOVERD 
WEAKNESS. As the former i8 quite unlikelr. to lea.d to a sat
isfactory solution. I prefer to hang mv falth on the lattet 
born, and commence systematica11y to 'follow the clew, and 
I hope you will allow me space in your next issue to give 
you the result of the search.-S. N. Hal'twell, M. E. 

A SIMPLE GAS MOTOR. 
EFFORTS have been for several .years directed towards 

improving the gas motor so as to furnish persons having 
need of aHmall motive power with an apparatus that shall 
be inexplosive, easily managed, and readily and cheaply 
installed anywhere that may be desired. 

MI'. Edward Benier, of Beaumetz-Ies-Loges, has invented 
a new motor of this kind which is extremely simple and 
takes up much less room than other machines for tbe same 
purpose. The apparatus, which is shown in the accom
panying cut, may be affixed to the floor, to the workbench, 
to a cast·iron or a stone base, by means of foul' screws, and 
be connected with the gas pipe by means of rubber 
tubing. 

The cylinder, which is horizontal, Is surrounded by a 
receiver into which a few pints of water are poured. To 
start the machine it is only necessary to light a smaH burner 
located externally, and afterwards give the fly·wheel an 
impulse with the hand. The piston-rod puts in motion a 
side lever with which is articulated the connecting rod that 
actuates the crank. The water which is poured in at the 
beginning evaporates very slowly. It suffices, according to 

BENIER'S GAS MOTOR 
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the size of the macbine, to replace the water lost, by from ,' cannot, and in practice does not wo�k smoothly, up to its 
balf a tumblerfui to a pint every morning. capacity, witbout a stand-pipe. Tbe Worthington duplex, 

The motor is very quickly and easily taken apart. For being without fiywheel action, has tbe two great advantages 
this reason every portion of it may be thoroughly cleaned 1 0f tbe Cornisb engine; 1st, it, so to speak, sympathizes with 
every day, and very little oil need be used. By varying the tbe disinclination of the water to move, instead of forcing 
amount of gas used tbe speed may be correspondingly varied I it to move in accordance with the requirements of a fiy
from 60 to 160 revolutions per minute-except in the very wbeel; 2d, i�� valves bave time to come to rest at tbe end 
small sizes. wbere th'.l speed ougbt not to exceed 120 revolu- of tbe stroke as folIows; Two sleam pumps are placed side 
tions. The largest size of these machines has a power 
equivalent to 17f kilogrammeters; it weigbs only 55Ib., and 
consumes about 6 cubic feet of gas per hour . 

. AN IMPROVED DREDGER. 

WE give below an illustration of Bruce and Batho's 
dredger, recently constructed by Messrs. Hawks, Crawsbay 
& Sons, of Gateshead-on-Tyne, for Messrs. Smitb, Forrest 
& Shade, the contractors for dredging tbe port of Bilbao. 
The vessel is 105 ft. in length, witb a moulded breadtb of 
23 ft., and a depth of hold of 9 ft. It is propelled by com
pound surface condensing engines, baving a bigb-pressure 
c:ylinder 137f in. diameter, and a low-pressure cylinder 25 in. 
dIameter, witb a struke of 21 in., and provided with all tbe 
requisite feed, bilge, and circulating pumps complete; tbese 
engines take tbeir steam from a multitubular boiler of tbe 
return fiue type, 

The dredging apparatus consists of a single excavator 
having a diameter of 8 ft., and capable of raising from 7 tons 
to 10 tons of d€bris per lift, according to tbe nature of the 
material operated upon. 

Tbe excavator is carried in a universal joint at tbe end of 
a balanced beam, and is closed in performing the operation 
of digging, and op8ned for the purpose of discharging by 
hydraulic rams, these rams working in opposite directions in 
one cylinder provided with an upper and lower compart
ment. The crossheads of the rams are connected by means 
of strong tie bolts, the lower crosshead in its turn being con
nected bv links to the arms of the excavator. The water 
from the press ure pumps is passed through the trunnions of 
tbe cast-steel ring of tbe uni versal joint to tbe trunnions of 
the excavator cylinder, whence it is conveyed to the upper 
and lower compartments of tbat cylinder. 

Tbis apparatus is arranged to dredge to a depth of 21 ft. 
below the surface of the water, and the whole of the travel 
from the bed of tbe river to the level of discharge is per
formed by the main beam, wbile in order to reduce as much 
as possible the versed sine of the are described by this beam, it 
has been centered on a rocking lever, and provided with a 
radius link connected to the vertical framing. Tbe main 
beam is raised and lowered by single-acting rams placed on 
eitber side of it; tbe crossbead fitted to tbese rams is con
nected by links to the beam, and the after end of the beam 
is provided witb a cast-iron weigbt to counterbalance the 
dead weigbt of the ex cava tor. 

Tbe debris is discharged on a binged tray wbich is fast
ened to the beam by chains, and is thereby autumatically 
lowereJ and raised beneatb the excavator to receive the spoil 
whicb is subseql1ently shot into barges. 

The hydraulic pressure is derived from one of Messrs. 
Easton & Anderson's duplex pumping engines, having two 
steam cylinders 16 in. i n  diameter and 27 in. stroke, this 
engine working two differential pumps, whose I?lungers are 
connected to the piston rods of the steam plstons; these 
pumps are capable of delivering 20 cubic feet of water per 
minute at 1,000 Ib. per square inch. On tbe completion of 
tbe dredger we have been describing it wa" thoroughly tested 
in tbe Tyne witb. very satisfactory results. -Engineering. 

WORTHINGTON COMPOUND PUMPS. 

• ..... ....... ........ .. 

WO ODEN PAVEMENTS IN SAN FRANCISCO. 

WOODEN pavements are peculiarly ill adapted to tbe 
climate of California. During tbe long, dry summer8 the 
wood sbrinks, and tbe�aces between the sbrunken blocks 
get filled with sand . With the first fall of rain the wooden 
blocks expand, and something must give way. Usually tbe 
l'Oadway humps itself into ridges impassable to wagons. 

AT tbe Albany and Rensselaer Iron and Steel W orks there 
are two large Worthington compound duplex pressure 
pumps. Tbe larger one is illustrated by Figs. 4 ann 5. It has 

\-VORTHINGTON UOMPOUND PUMPS. 

a pair of 21 inch and a pair of 36 incb steam cylinders, and 
four 97f inch plungers, with 3 feet stroke. Tbe smaller bas by side, and so combined as to act reciprocally on the steam 
33% incb and 19}4 incb steum cylinders, 9 inch plungers, valves of eacb otber. Tbe one piston acts to give steam to 
and 24 incb stroke. Tbe Cornish engine produces tbe otber, after wbicb it finishes its own stroke, and waits 
perfect uniformity of pressure during its stroke, by I for its valve tu be ac ted upon before it can renew its motion. 
means of a weight wbich falls only as fast as the water can Tbis pause allows aU tbe valves to seat quietly, and prevents 
get out of its way at a uniform pressure. A fiywbeel action,. concussion. Thus the delivery of tbe duplex is continuous, 
on tbe contrary, forcibly changes the velocity of tbe water and tbe press ure on tbe delivery pipe does not tluctuate. 
column at different parts of tbe stroke. Tbe Cornish en- No less tban four Cornisb engines, so arranged as to repre
gine, however, is imperfect, in tbat it allows the water col- sent the foul' strokes of the duplex, would give precisely 
umn to stop at the end of the stroke, and for this reason it tbe same uniformity of delivery.-Engineering. 

IMPROVED DREDGING BOAT. 
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Frequently the ridges break up with tbe pressure, and street 
urchins carry off tbe detacbed blocks of wood for fueI. 

A THAIN of fifty car loads of oysters in barrels passed 
tbrough Chicago tbe other day, en route to San Francisco. 
They were to be planted in the bay near that city. Tbey 
were shipped tbither by A. Booth, tbe great Chicago oyater 
man, who has extensive oyster beds near San Francisco, 
which he has cultivated very successfully for several years. 
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